No association of the −521 C/T polymorphism in the promoter of DRD4 with novelty seeking SIR -Since the original reports of an association between Novelty Seeking (NS) and a 48-basepair repeat polymorphism in the DRD4 gene, 1,2 several groups have published both positive and negative replication studies. [3] [4] [5] [6] [7] [8] [9] [10] [11] These somewhat contradictory results suggest the possibility that the 48-bp repeat polymorphism is merely in linkage disequilibrium with another polymorphism actually influencing NS. It was therefore of interest when Okuyama et al 12 reported a statistically significant association (P = 0.0001) between the C allele of a −521C/T polymorphism of the DRD4 promoter and high NS scores. These authors also found that the Tvariant of the polymorphism reduces transcriptional efficiency in vitro and thus, this polymorphism might be functional in vivo. Recently, Ronai et al 13 confirmed association with the promoter polymorphism and NS (P Ͻ 0.01) in 109 healthy university and high school students. Here we attempt to replicate this finding in a sample consisting of extreme NS scorers from a population-wide birth cohort in northern Finland. The study sample has been described previously 4 and consists of 50 females and 50 males with either extremely high or extremely low scores on NS (n = 200). We found no association between NS and the −521C/T polymorphism of the DRD4 promoter region (P = 0.91). This polymorphism can not have an important role in regulating NS scores, at least in the Finnish population.
Several studies have reported an association between the human personality trait of Novelty Seeking 14 and a 48-bp repeat in the dopamine receptor 4 gene (DRD4). [1] [2] [3] 8, 9 This polymorphism is thought to be functional, affecting clozapine and spiperone binding. 15 Several studies have also been published in which the association either has not been replicated or has been in the opposite direction. [4] [5] [6] [7] 10, 11 It is therefore possible that this polymorphism in itself does not influence NS scores, but that it is merely in linkage disequilibrium with the variant that actually affects NS. Any polymorphism within the DRD4 gene, its promoter or within any gene in the close vicinity of DRD4 is therefore a putative candidate for a functional variant affecting NS scores.
Recently, association between a −521 C/T polymorphism in the promoter region of DRD4 and NS was reported. 12 Since this polymorphism was associated with NS scores and also had an effect on transcriptional efficiency, it was possible that this was indeed the functional polymorphism in DRD4 affecting novelty seeking. We investigated whether or not this polymorphism is associated with novely seeking also in the Finnish population, and whether the association would be in the same direction as the one reported earlier.
Our study sample consisted of 50 males and 50 females with extremely high scores on the NS subscale of the Temperament and Character Inventory 14 (TCI), and the same number of individuals with extremely low scores. The study sample was drawn from a population-wide birth cohort in northern Finland. The subjects were born in 1966 and were studied within the framework of the 1966 Northern Finland birth cohort study. 16 Of the individuals born in this area in 1966 (n = 12 058), 4773 completed a Finnish translation of the TCI and provided informed consent and a blood sample in accordance with the Helsinki declaration. All the subjects included in the analysis had NS scores more than one standard deviation from the mean of the birth cohort (20.3, SD = 5.9; 95% CI = 20.2-20.5). The means for the groups with extreme scores (7.48 and 33.48, respectively) lay outside 1.96 SD from the mean of the total sample. PCR was performed as described by Okuyama et al, 12 except that we used Taq polymerase (Finnzymes, Helsinki, Finland) instead of Pfu polymerase. The primer sequences were 5Ј-CGGGGGCTGAGCACCAGAGGCT GCT-3Ј and 5Ј-GCATCGACGCCAGCGCCATCCTACC-3Ј. Amplification was done by thermocycling for 35 cycles at 98°C for 20 s, 68°C for 30 s, and 72°C for 2 min after initial incubation at 98°C for 2 min. The PCR product was digested by FspI restriction enzyme (New England Biolabs, Beverly, MA, USA) and the fragments were separated by electrophoresis on an agarose gel. The DNA of five individuals failed to amplify which reduced the total sample to 195 persons. Association between −521C/T genotype and NS score was tested by the Pearson Chi-square test for a 2 × 3 table containing the three possible genotypes and the two NS groups. Linkage disequilibrium between the −521C/T polymorphism in the DRD4 promoter and the 48-bp repeat polymorphism in the DRD4 gene was investigated using the EH (Estimating Haplotype frequencies) program. 17 The genotype frequencies for the −521C/T polymorphism in the two novelty seeking groups are presented in Table 1 . There was no statistically significant difference between the low and high scoring groups (P = 0.91). In contrast to the report by Ronai et al, 13 homo- Table 1 The number of observed −521C/T genotypes in the high and low novely seeking groups C/C  25  25  50  C/T  32  29  61  T/T  41  43  84  Total  98  97 195
Low High Total
zygosity for the C-allele was not associated with NS high scorer status either (P = 0.97), nor did separate evaluation by sex reveal an association either in females or in males (P = 0.99 and 0.88, respectively). The T-allele was more common than the C-allele (59% vs 41%), and allele frequencies were remarkably similar to the frequencies observed in the Japanese and Hungarian samples. 12, 13 Both low and high scoring groups differed significantly from Hardy-Weinberg equilibrium (P = 0.005 and 0.001, respectively). This could imply non-random mating with respect to this locus or be an effect of the relatively recent settlement of this geographical region. There was significant linkage disequilibrium between the −521C/T polymorphism in the promoter of DRD4 and the 48-bp repeat polymorphism in exon III of DRD4 (P Ͻ 0.0005).
The results show that the studied polymorphism does not affect novelty seeking in individuals with extreme NS scores in the Finnish population. It is therefore unlikely that this polymorphism would significantly affect NS scores in human populations. In the case of the association described between a serotonin transporter gene polymorphism and a quantitative personality trait, neuroticism, it has been shown that the polymorphism may have an effect on trait values from the middle but not the extremes of its distribution. 18 Our study design cannot exclude a similar possibility, but we rather suggest that the association of NS with −521C/T observed by Okuyama et al 12 and Ronai et al 13 should be interpreted as a reflection of linkage disequilibrium between the studied polymorphism and the putative variant having a functional
